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According to the related branching artery or anatom-
ical relationships, there are many classifications of 
intradural proximal carotid artery aneurysms. In 

the literature, the term “paraclinoid carotid aneurysm” is 
often used because it includes all carotid artery aneurysms 
originating from the internal carotid artery (ICA) between 
the distal dural ring and the origin of the posterior com-
municating artery.11,12,21 The superior hypophyseal artery 
(SHA) is well known as a branching artery of paraclinoid 
carotid artery aneurysms16,21,22 and supplies the pituitary 
stalk, optic nerve, and chiasm.8,14,18 Therefore, sacrifice 
of the SHA may be a factor for postoperative visual im-
pairment.4,9,13 Although a few case reports have described 
postoperative visual impairment associated with SHA oc-

clusion,4,9,13 only small series of SHA aneurysm surgery 
cases have focused on postoperative visual function and 
intraoperative SHA status. We report our experience with 
72 SHA aneurysms in 70 patients and our analysis of the 
postoperative visual function associated with the SHA.

Methods
This study was approved by the institutional review 

board at the Shinshu University School of Medicine.

Patient Population
Between January 1991 and December 2013, a total of 

181 patients harboring 190 paraclinoid carotid artery an-

abbreviatioNs ICA = internal carotid artery; SHA = superior hypophyseal artery; VEP = visual evoked potential.
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obJect Although a number of studies have assessed the surgical treatment of paraclinoid-segment carotid artery 
aneurysms and resulting visual complications, less attention has been given to the results with respect to the superior 
hypophyseal artery (SHA). The authors evaluated the relationship between the aneurysm, the SHA itself, and postopera-
tive visual function in patients with ruptured and unruptured SHA aneurysms.
Methods From January 1991 through December 2013, 181 patients with 190 paraclinoid carotid artery aneurysms 
received treatment at Shinshu University Hospital and its affiliated hospitals. The authors retrospectively analyzed 
charts, operative records, operative videos, and neuroimaging findings for these patients with or without postoperative 
visual complications.
results The authors identified 72 SHA aneurysms in 70 patients (mean age 58 years). Of 69 patients (1 patient died) 
evaluated, postoperative visual complications occurred in 9 (13.0%). Although the aneurysm size and SHA sacrifice did 
not lead to postoperative visual impairment, simultaneous treatment of bilateral aneurysms was a risk factor for postop-
erative visual complications.
coNclusioNs Unilateral SHA impairment may be safe (i.e., it may not induce ischemia of the optic pathway) for 
many, but not all, patients with SHA aneurysm.
http://thejns.org/doi/abs/10.3171/2014.12.JNS141218
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eurysms underwent clipping surgery at Shinshu University 
Hospital and its affiliated hospitals. Patients with paracli-
noid carotid artery aneurysms treated with endovascular 
therapy were excluded from this study. Preoperative and 
postoperative visual function was evaluated at the bedside 
and/or by ophthalmological examination. A postoperative 
visual complication was defined as worsening of visual 
acuity and/or visual field defect at discharge. A retrospec-
tive review of clinical records, neuroimaging findings, and 
operative videos, including operative records, was con-
ducted to collect information on preoperative symptoms, 
patient age and sex, aneurysm size and location, surgical 
approach, and intraoperative SHA findings.

Classification of Paraclinoid Carotid Artery Aneurysms
Paraclinoid carotid artery aneurysms were classified 

into 5 groups according to preoperative neuroimaging 
results: carotid-ophthalmic artery aneurysm, SHA an-
eurysm,21 carotid cave aneurysm,16 anterior wall (dorsal) 
aneurysm,11 and others. Both carotid cave and SHA an-
eurysms projected medially or inferomedially beneath the 
optic nerve. In the study reported here, SHA aneurysms 
were preoperatively distinguished from carotid cave aneu-
rysms according to location on the neck of the aneurysm. A 
carotid cave aneurysm was located below the origin of the 
ophthalmic artery.16,19 Preoperatively, we defined an SHA 
aneurysm as an aneurysm arising not from the ophthalmic 
artery but rather from the medial or inferomedial surface 
of the intradural ICA between the origin of the ophthalmic 
artery and the posterior communicating artery.

approach selection
Ruptured paraclinoid carotid artery aneurysms were 

treated via the ipsilateral approach for proximal control 
of bleeding. For patients with unruptured aneurysms, the 
ipsilateral or contralateral approach was selected accord-
ing to preoperative neuroimaging findings.15 The affected 
cervical carotid artery was routinely prepared for proxi-
mal control. For some large aneurysms, the suction de-
compression technique was applied.

association between aneurysm and sha
On the basis of operative findings, the origin of the 

SHA was classified as proximal neck, medial neck, dis-
tal neck, aneurysm body, and no relation to the aneurysm 
(Fig. 1). The final SHA status after clipping was dichoto-
mized into spared and sacrificed.

visual evoked Potential Monitoring
Since December 2004, visual evoked potentials (VEPs) 

have been used for intraoperative visual function monitor-
ing.9,17 Intraoperative VEP monitoring was used in 18 of 32 
patients with paraclinoid carotid artery aneurysms, includ-
ing SHA aneurysms, who have been treated since 2004. 
When the contralateral approach was used, the SHA re-
lated to the aneurysm neck was temporarily occluded (Fig. 
2) and changes in VEPs were checked.9 If the VEPs did not 
change after temporary SHA occlusion, complete oblitera-
tion took first priority. However, if the VEPs decreased af-
ter temporary SHA occlusion, the SHA was spared.9

statistical analysis
Statistical analyses were performed with PASW Statis-

tics version 21 (SPSS). Variables were compared among 
the groups divided according to visual outcome. The un-
paired t-test and the Pearson chi-square test or Fisher exact 
test were used to compare continuous and categorical vari-
ables, respectively. In all analyses, p < 0.05 was considered 
to indicate statistical significance.

results
The 72 SHA aneurysms (37.9%) in 70 patients (38.7%) 

(12 men and 58 women) were treated with clipping. Table 
1 shows the baseline characteristics of the 70 patients. 
Mean patient age was 58.0 years (range 26–87 years). The 
72 aneurysms ranged in size from 2 to 23 mm. Preop-
erative presentation was subarachnoid hemorrhage for 17 
patients, mass effect for 3, and incidental identification 
for 50. For 2 patients with bilateral SHA aneurysms and 
1 patient with a left SHA aneurysm and a right carotid 
cave aneurysm, clipping surgery for each aneurysm was 
performed at the same time through one frontotemporal 
craniotomy. Of the 70 patients, 1 died postoperatively as 
a result of initial brain damage caused by subarachnoid 
hemorrhage.

Postoperative visual Function
Postoperative visual functions were evaluated for the 

69 surviving patients. For 1 patient, visual acuity improved 
postoperatively (Table 1), and for 9 patients (13.0%), visual 
status deteriorated postoperatively (Tables 1 and 2). Post-
operative visual impairment was not affected by patient 

Fig. 1. Illustration showing the relationship between aneurysm and the 
SHA. The SHA originates from the proximal neck (a), the medial neck 
(b), the distal neck (c), and the aneurysm body (d). Copyright Tetsuyo-
shi Horiuchi. Published with permission.
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age, sex, preoperative symptoms, and aneurysm side (Ta-
ble 2). Aneurysm size did not differ significantly between 
groups with and without visual impairment, although the 
trend was toward larger aneurysms in the group that expe-
rienced visual impairment (p = 0.080).

association between surgery and visual Function
The surgical approach was not associated with visual 

impairment. A significant factor for visual impairment ap-
pears to be simultaneous clipping for bilateral paraclinoid 
carotid artery aneurysms (p = 0.002). Vision was impaired 
postoperatively for all 3 patients who underwent clipping 
of bilateral aneurysms in 1 stage; for these 3 patients, VEP 
monitoring was not available at the time of surgery. In 2 
patients, bilateral SHAs were sacrificed during aneurysm 
clipping (1 of these patients is described in Case 1 [see 
Illustrative Cases]) and bilateral visual impairment devel-
oped after surgery.

association between sha and visual Function
The SHA was identified in 45 (62.5%) of 72 aneurysms. 

SHA origin was related to the aneurysm neck or dome in 
37 (82.2%) of these 45 aneurysms, and the SHA was not 
related to the aneurysm in the operative field in the other 
8 patients. We did not identify or determine the origin of 
the SHA in some patients because dense subarachnoid 
hemorrhage and/or the optic apparatus restricted observa-
tion, and exploration of the entire neck was obscured by 
the lesion itself or by the ICA. The relationships between 
the aneurysm and the origin of the SHA are presented in 
Tables 1 and 2. The most commonly affected origin of the 
SHA was the proximal neck. No significant difference in 
SHA origin was observed between patients in groups with 
and without visual impairment. The status of the SHA af-
ter clipping was assessed for 44 (97.8%) of 45 aneurysms. 
The SHA was sacrificed in 25 (56.8%) of these 44 aneu-
rysms. Bilateral SHAs were obliterated in 1 patient (Case 
1). Of 24 patients, 2 complained of visual impairment after 
surgery. One of these patients is described in Case 1; the 
other patient, who had a left SHA aneurysm and a right 
carotid cave aneurysm, underwent clipping surgery for 
each aneurysm simultaneously through a right-sided cra-
niotomy. For this patient, the left aneurysm and the SHA 

TABLE 1. Baseline characteristics for 70 patients with 72 SHA 
aneurysms

Characteristic Value (%)*

Sex
  M 12 (17.1)
  F 58 (82.9)
Age (yrs)
  Mean 58.0
  Range 26–87
Aneurysm location
  Rt  32 (44.4)
  Lt  38 (52.8)
  Bilat  2 (2.8)
Surgical approach
  Ipsilat  46 (63.9)
  Contralat  26 (36.1)
Aneurysm size (mm)
  Mean 6.7
  Range 2–23
Postop visual function
  Improved 1 (1.4)
  Unchanged 59 (84.3)
  Worsened 9 (12.9)
  Undetermined 1 (1.4)
SHA origin
  Proximal neck 23 (31.9)
  Medial neck 4 (5.6)
  Distal neck 4 (5.6)
  Body 6 (8.3)
  No relation 8 (11.1)
  Undetermined 27 (37.5)
SHA preservation
  Spared 19 (26.4)
  Sacrificed 25 (34.7)
  Undetermined 28 (38.9)

*  Values represent number (%) of patients or aneurysms.

Fig. 2. Intraoperative photographs showing temporary occlusion of the SHA (arrows) before (left) and after (right) application of 
a microclip in a right-sided SHA aneurysm through a contralateral approach. An. = aneurysm; Lt. II = left optic nerve; Rt. II = right 
optic nerve.
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were occluded with the clip, and vision was disturbed in 
both eyes postoperatively. None of the 22 patients with a 
unilateral aneurysm experienced postoperative visual im-
pairment after unilateral SHA sacrifice. SHA sacrifice did 
not affect the occurrence of the visual impairment in this 
study (p = 0.150).

veP Monitoring
VEP monitoring was performed in 6 patients with SHA 

aneurysms. Temporary occlusion of the SHA through the 
contralateral approach was applied in 3 patients (Fig. 2). 
Significant VEP change was noted in 1 patient,9 and no 
change was noted in 2 patients. Surgical manipulation at-
tenuated the VEPs in 1 patient with postoperative worsen-
ing of visual acuity (Case 2).

illustrative cases
Case 1

A 74-year-old woman received care at another hospital 
for a subarachnoid hemorrhage 2 weeks before coming to 
Shinshu University Hospital. She also had a ruptured left 
SHA aneurysm and an unruptured right SHA aneurysm 
with middle cerebral artery aneurysms (Fig. 3). Preop-
eratively, no visual disturbance was noted. After the left 
cervical ICA was secured, a left frontotemporal craniot-
omy was performed. At that time, VEP monitoring was 
not available. The right SHA aneurysm was visible in the 
prechiasmatic cistern, and the right SHA originated from 
the proximal neck (Fig. 3). The right-sided aneurysm with 
SHA was clipped using a curved clip. The left anterior 
clinoid process was removed, and the left SHA aneurysm 
was exposed. The left SHA was branched from the medial 
neck of the aneurysm. The left-sided aneurysm including 
the SHA was obliterated using 2 ring clips (Fig. 3). Post-
operatively, the patient complained of visual disturbance 
in both eyes. Detailed ophthalmological examination was 
not performed because of the patient’s poor general condi-
tion. The visual symptoms gradually improved, and the 
patient was transferred to a rehabilitation hospital.

Case 2
A 55-year-old woman with left visual disturbance re-

ceived a diagnosis of a large left SHA aneurysm (Fig. 4). 
Her visual acuity in the left eye was 20/100. With VEP 
monitoring, the aneurysm was obliterated through left 
frontotemporal craniotomy. No SHA associated with the 
aneurysm was found in the operative field (Fig. 4). The 
aneurysm was well clipped by using a retrograde suction 
decompression technique (Fig. 4). The left VEPs were at-
tenuated during aneurysm dissection at the time of suc-
tion decompression. Postoperatively, the left visual acuity 
decreased to 20/300.

discussion
To the best of our knowledge, this study is the larg-

est series to consider postoperative visual function and 
detailed intraoperative SHA findings. Although unilateral 
SHA sacrifice rarely induces visual impairment, simulta-
neous bilateral SHA occlusion is a factor for visual dis-
turbance.

Paraclinoid carotid artery aneurysm and visual Function
Because paraclinoid carotid artery aneurysms are in 

close proximity to the visual apparatus, they often induce 
visual disturbance, and treatment of these lesions can pro-
duce visual symptoms.3,5,6,10 Visual complications remain a 
major concern even for the most experienced vascular sur-
geons. Visual deficits associated with clipping surgery for 
paraclinoid carotid artery aneurysm can be caused by vas-
cular compromise, manipulation of the optic nerve, ther-
mogenic effects from high-speed drilling of the clinoid 
process, or other unknown causes.3,5,6,10,19,20 For the patient 
in Case 2, surgical manipulation was the most likely cause 
of the postoperative visual worsening because VEPs were 
attenuated during the suction decompression procedure.

In 1981, Ferguson and Drake5 reported on a series of 
100 surgical carotid-ophthalmic aneurysm cases, of which 

TABLE 2. Clinical relationships between favorable and 
unfavorable visual function outcome for 69 patients after 
clipping of SHA aneurysms

Characteristic

Postop Visual Function (%)
w/o 

Impairment
w/ 

Impairment
p 

Value

Patients, no. 60 (87.0) 9 (13.0)
Mean age ± SD (yrs) 57.2 ± 10.9 61.3 ± 7.1 0.276
Size of aneurysm ± SD (mm) 6.1 ± 4.9   9.2 ± 4.2 0.080
Sex 1.000
  M 11 (18.3) 1 (11.1)
  F 49 (81.7) 8 (88.9)
Preop symptom 0.411
  Subarachnoid hemorrhage 15 (25.0) 1 (11.1)
  Mass effect 2 (3.3) 1 (11.1)
  Incidental finding 43 (71.7) 7 (77.8)
Aneurysm location 0.500
  Rt  28 (46.7) 3 (33.3)
  Lt 32 (53.3) 6 (66.7)
Surgical approach 0.147
  Ipsilat  37 (61.7) 8 (88.9)
  Contralat  23 (38.3) 1 (11.1)
Bilat aneurysms treated simul- 
  taneously

0.002

    Yes 0 3 (33.3)
    No 60 (100) 6 (66.7)
SHA origin 0.292
  Proximal neck 20 (33.3) 2 (22.2)
  Medial neck 3 (5.0) 1 (11.1)
  Distal neck 4 (6.7) 0
  Body 6 (10.0) 0
  No relation 8 (13.3) 0
  Undetermined 19 (31.7) 6 (66.7)
SHA preservation 0.150
  Spared 18 (30.0) 1 (11.1)
  Sacrificed 22 (36.7) 2 (22.2)
  Undetermined 20 (33.3) 6 (66.7)
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32 of the 100 patients had visual abnormalities at the time 
of presentation. In 1990, Day3 reported preoperative visual 
deficits in 29 (36.3%) of 80 patients with ophthalmic seg-
ment aneurysms and postoperative deterioration of visual 
status in 6 (7.5%) of 80 patients. Of these 6 patients, visual 
field defects occurred in 2 patients, visual acuity diminu-
tion in 1, and transient palsies of the sixth cranial nerve in 
3. In 2009, Fulkerson et al.6 reported that new visual loss 

occurred in 6 (4.8%) of 126 ophthalmic aneurysm patients 
who underwent craniotomy. In contrast, Barami et al.1 
reported that vision impairment associated with clipping 
for paraclinoid carotid artery aneurysms might comprise 
up to 20% of cases at 6-month follow-up examination. 
In our series, postoperative visual deterioration occurred 
in 9 (13.0%) of 69 patients. No significant differences in 
aneurysm size and side, preoperative symptoms, or surgi-

Fig. 3. Anteroposterior projections of preoperative right (a) and left (b) carotid artery angiograms revealing bilateral SHA aneu-
rysms and a right middle cerebral artery aneurysm. Schematic drawing (c) showing the clipped bilateral SHA aneurysms through 
the left craniotomy. The left and right SHAs originated from the medial and proximal necks, respectively. Both SHAs were occluded 
by clips. Schematic drawing: Copyright Tetsuyoshi Horiuchi. Published with permission.

Fig. 4. Anteroposterior projections of serial left carotid artery angiograms obtained preoperatively (a) and postoperatively (b) 
showing that the SHA aneurysm was successfully clipped. Intraoperative photographs (c–e) through the left pterional approach 
showing the indentation of the left optic nerve (Lt. II) (arrows) by the aneurysm. There was no SHA associated with the aneurysm 
neck, and 2 clips were applied to the aneurysm.
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cal approach were observed between the groups with and 
without visual impairment. The simultaneous treatment 
of bilateral aneurysms was a factor associated with post-
operative visual deterioration. This finding suggests that 
despite improvements in microsurgical techniques and in-
struments, surgical manipulation of the bilateral optic ap-
paratus including SHAs is dangerous.

sha and visual Function
Although the SHA may play a major role in visual func-

tion because it supplies the optic nerve and chiasm, few 
have studied postoperative visual function after SHA sac-
rifice. SHAs comprise a group of 1–5 small branches aris-
ing from the medial or inferomedial surface of the ICA 
between the distal dural ring and the origin of the poste-
rior communicating artery.8,14,18 SHAs are also well known 
as aneurysm sites. Day3 reported that SHA preservation 
should be attempted in all patients but that it is not always 
possible because this artery is small and easily obliterated 
by fenestrated clips. Because there are circumferential 
anastomoses of the SHA,7,8,18 obliteration of the SHA will 
not cause visual disturbance.2,3,15,21 Our study also showed 
that SHA sacrifice was not a factor for postoperative vi-
sual impairment. Unilateral SHA sacrifice associated with 
aneurysm surgery did not induce visual disturbance. How-
ever, postoperative visual complications may be caused by 
ischemia associated with SHA sacrifice.3–6,9,10,20 In 2007, 
Goto et al.9 reported that the temporary occlusion of the 
SHA in the contralateral approach for SHA aneurysms at-
tenuated VEPs and that the preservation of the SHA avoid-
ed vision complications. This report indicates a possibility 
that a unilateral SHA supplies the bilateral optic apparatus 
or that no circumferential anastomosis is present between 
right and left SHAs in rare cases. Recently, Johnson et al.13 
reported a case of optic pathway infarction caused by SHA 
occlusion after aneurysm embolization with Onyx HD 500 
(eV3/Covidien). This complication can be explained by ex-
tension of the embolic material to the microvessels where 
it occluded the collateral pathway of the SHA. In 2012, El 
Refaee et al.4 reported a case of postoperative bilateral vi-
sual field defects associated with SHA occlusion. In that 
case, indocyanine green angiography demonstrated retro-
grade filling of the occluded SHA. This finding indicated 
that there was some collateral blood flow through the anas-
tomosis; however, it was unclear whether the retrograde 
blood flow would be sufficient. In previous anatomical 
studies,7,8,18 unilateral variation of the SHA has not been re-
ported. If there is no circumferential anastomosis between 
the right and left SHAs in some patients, unilateral SHA 
occlusion must cause ischemia of the optic nerve and/or 
chiasm, resulting in postoperative visual disturbance. 

In our study, the simultaneous treatment of bilateral 
aneurysms was a significant risk factor for postoperative 
visual complications. This finding suggests that arterial in-
jury of bilateral SHAs associated with aneurysms would 
result in ischemia of the optic nerve and chiasm. Therefore, 
special attention should be paid when bilateral paraclinoid 
carotid artery aneurysms are treated simultaneously. Even 
with unilateral treatment, a few patients will experience 
postoperative visual complications associated with SHA 
ischemia.4,9,13 Because VEP monitoring may be useful for 

detecting ischemia associated with SHA occlusion,9 we 
recommend use of VEP monitoring to avoid visual com-
plications.

Relationship Between the Origin of the SHA and Aneurysm
The anatomical relationship between SHA origin and 

SHA aneurysm is poorly understood because it is usually 
difficult to evaluate the SHAs on preoperative angiograms 
and explore the entire neck hidden by the optic nerve and 
ICA. Previous reports have shown that SHAs originated 
from the proximal neck, distal neck, medial neck, and an-
eurysm body.3,4,9,22 In our study, most aneurysms involved 
SHA branching from the proximal neck. No significant 
differences in SHA origins were noticed with regard to 
postoperative visual complications.

conclusions
To our knowledge, this is the largest series reported to 

date concerning postoperative visual complications as-
sociated with intraoperative SHA status. Unilateral SHA 
sacrifice may be safe for many, but not all, patients with 
SHA aneurysm. Special attention should be paid to simul-
taneous treatment for bilateral paraclinoid carotid artery 
aneurysms.

Use of advanced microsurgical techniques and intraop-
erative VEP monitoring will substantially improve visual 
outcomes after microsurgery for paraclinoid carotid artery 
aneurysm, especially in patients with SHA aneurysms.
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